



How robust is the link between working memory for serial order and lexical 
skills in children?  
 
 
Lucie Attout a, Coline Grégoire a & Steve Majerus ab  
a Psychology and Neuroscience of Cognition Research Unit, University of Liège 
 b Fund for Scientific Research FNRS, Brussels, Belgium  
 





Dr. Lucie Attout, Psychology and Neuroscience of Cognition Research Unit, Université de 




This work was supported by a grant from Fonds de la Recherche Scientifique – FRS – FNRS 
(PDR, FRFC, T.1003.15, Belgium). We would like to thank all the children and their school 
directors, teachers, pupils, and parents for their time and effort invested in this study. There is 








The link between verbal working memory (WM) and vocabulary development has been 
explored extensively. At the same time, the vast majority of studies in this field used lexical 
tasks that generally involved a high WM demands, leading to an unclear understanding of this 
link. The present study re-explored the link between WM for serial order, WM for item 
information and lexical abilities by administering, to 92 children aged 4-to-6 years, both 
standard receptive vocabulary tasks with a high WM demands and single picture naming tasks 
with minimal WM demands. Analyses provided strong evidence for a specific link between 
serial order WM and both vocabulary measures, with a particularly important link with the 
rare noun subtask and the absence of link with verbs. These results suggest that the link 
between lexical abilities and verbal WM in young children is robust and not inflated by the 

















An extensive set of studies has highlighted a consistent association between estimates 
of verbal working memory (WM) abilities and lexical knowledge and learning abilities, in 
both children and adults (e.g. Avons, Wragg, Cupples, & Lovegrove, 1998; Gathercole, 
Willis, Baddeley, & Emslie, 1994; Gathercole, Willis, Emslie, & Baddeley, 1992; Majerus, 
Poncelet, Van der Linden, & Weekes, 2008; Papagno, Valentine, & Baddeley, 1991; Service, 
1992). More recent studies have suggested that it is mainly the serial order component of 
verbal WM tasks that is causally related to lexical abilities, based on the assumption that 
learning word forms involves the learning of novel serial orderings of a limited number of 
phonemes that characterize a given language (Gupta & MacWhinney, 1997; Majerus, 
Poncelet, Greffe, et al., 2006; Szmalec et al., 2012). The aim of the present study is to 
examine the robustness of this claim, by examining the possibility that the association 
between verbal WM and lexical abilities may have been inflated by the intrinsic WM load of 
the receptive vocabulary tasks most commonly used in previous studies. 
One of the first studies assessing the association between verbal WM and lexical 
abilities was a study conducted in children presenting developmental language impairment. 
Gathercole and Baddeley (1989) observed disproportionate verbal WM impairment in this 
language impaired children group, even relative to a younger control group matched on 
language abilities. Next, a series of correlational studies in typically developing children aged 
4 to 13 years showed specific longitudinal and cross-sectional associations between verbal 
WM, mainly assessed by a nonword repetition task, and receptive vocabulary (Baddeley et al., 
1998; Gathercole & Baddeley, 1990; Gathercole et al., 1992). These results were interpreted 
as reflecting a causal role of verbal WM in language acquisition (Baddeley et al., 1998). 




hence, that language abilities drive performance in WM tasks (e.g., Metsala, 1999). Nonword 
repetition is indeed not only a test of short-term retention abilities for phonological 
information, but also measures phonological segmentation abilities as well as access to lexical 
and sublexical phonological knowledge structures (Gathercole, 2006). In order to distinguish 
between these two possible interpretations, two levels of processing in verbal WM tasks need 
to be considered: the retention of item information (i.e., the phonological and lexico-semantic 
characteristics of the items to be maintained) and serial order information (i.e., the serial order 
in which the items were presented) (Lee & Estes, 1981; Majerus, Poncelet, Greffe, et al., 
2006). We use the term ‘working memory’ in a functional manner and refer to any situation 
involving the temporary retention of information, in line with the most common usage of this 
term (see Cowan, 2017, for an extensive discussion of the difficulties associated with the 
definition of the term ‘working memory’). By using this term, we want to stress the fact that 
WM tasks discussed here involve the short-term retention and restitution of verbal 
information. The dissociation between item and order processes in WM is supported by a 
series of behavioral, neuropsychological, developmental and neuroimaging studies (see for 
example Attout, Ordonez Magro, Szmalec, & Majerus, 2019; Majerus, Norris, & Patterson, 
2007b; Saint-Aubin & Poirier, 1999). This dissociation is also implemented by the majority of 
recent theoretical models of WM (see for example Brown, Preece, & Hulme, 2000; Burgess & 
Hitch, 1999; Gupta, 2003; Henson, 1998). While linguistic knowledge supports the recall of 
verbal items, it has less influence on the retention of the typically arbitrary serial order in 
which the words are presented (see Majerus, 2013 for a review). Hence, if there is a link 
between short-term retention abilities and language development, then this link should be 
strongest for WM tasks maximizing the retention of serial order information. On the other 
hand, if the link between performance on verbal WM tasks and language development is to be 




WM tasks maximizing access to verbal item information. Studies adopting the item-serial 
order distinction (Leclercq & Majerus, 2010; Majerus, Poncelet, Greffe, et al., 2006; Majerus 
et al., 2008; Ordonez Magro et al., 2018) confirmed that there is a specific link between serial 
order WM capacity and lexical language abilities, either measured by current vocabulary 
knowledge or by novel word learning tasks. Moreover, their differential predictive power of 
vocabulary development has been cross-validated with other types of WM tasks. For example, 
Majerus et al. (2009) showed that item and serial order WM estimates based on the 
calculation of the proportion of item and serial order errors based on single WM task led to 
the same conclusions as the tasks using the single nonword delayed repetition and the serial 
order reconstruction tasks used in the present study: a more robust prediction of vocabulary 
development by the serial order WM estimate than by the item WM estimate. It was argued 
that learning language essentially amounts to learning of sequential information and 
dependencies, and that short-term retention abilities for sequential information are critically 
involved in the initial steps of learning new verbal sequences (Majerus, Poncelet, Elsen, et al., 
2006; Ordonez Magro et al., 2018). 
However, the reverse situation, the fact that the association between verbal WM and 
language measures could actually be driven by the WM demands of the tasks used to measure 
linguistic abilities, has not yet been considered. Indeed, the task most typically used to 
measure vocabulary knowledge in studies assessing the association between verbal WM and 
lexical language abilities is the Peabody Picture Vocabulary task (PPVT; Dunn, 1981). In this 
task, the content of four pictures has to be identified and the corresponding lexical entries 
have to be activated; they then have to be compared to the auditorily presented target word 
that is being maintained in WM; furthermore, the comparison processes requires continuous 
maintenance of the target item until a response has been made. The PPVT is furthermore 




analogical or other forms of reasoning (as for example required when associating the word 
‘adjustable’ to the picture of a belt in one of the PPVT items) and analogical reasoning has 
been shown to involve working memory resources (Cho et al., 2007; Morrison et al., 2011). A 
similar comment can be made for studies investigating the association between verbal WM 
abilities and novel word learning (Gathercole et al., 1997; Majerus & Boukebza, 2013): the 
novel word learning paradigms used are typically paired associate word-nonword or word-
object learning paradigms that are structurally very similar to verbal WM tasks. In these tasks, 
one or several verbal labels have to be encoded and maintained for subsequent immediate 
recall during the initial learning stage and hence also involve WM demands. Hence, another 
possible interpretation of the associations observed between verbal WM and lexical 
development is that this association reflects, at least partially, the high storage and executive 
control demands of multi-picture language measures such as the PPVT. 
In order to examine this hypothesis, it is necessary to assess language abilities by 
using language tasks that have the smallest possible WM load. Single word picture naming 
tasks satisfy this constraint by requiring the activation and production of a single lexical form 
based on the presentation of a picture of the target word. Indeed, in a single picture naming 
task, a single picture has to be identified and the corresponding lexical entry has to be 
retrieved and produced; this is a direct, single-step process involving no temporary 
maintenance of target information or alternative solutions. Furthermore, single word picture 
naming tasks provide maximal sensitivity as they require a full production of the target item 
and the possibility of (correct) guessing responses is minimized (while it is 25% in a four 
picture receptive vocabulary task). Only one previous study used a single word naming task in 
addition to the PPVT in eight-year-old bilingual children and observed a significant 
correlation with a forward digit span measure and the single word naming task (Lee Swanson 




with expressive and receptive vocabulary measures. Other studies explored the relationship 
between verbal WM and productive vocabulary using tasks requiring the production of verbal 
definitions of a concept represented by a picture and showed an association of performance on 
this task and verbal WM abilities (Edwards et al., 2004; Henry & MacLean, 2003; Swart et 
al., 2017). These results are however again difficult to interpret as definition tasks require 
executive and attentional control abilities also involved in WM tasks, in addition to access to 
multiple levels of language processing. An illustration of the importance of considering the 
WM demands of vocabulary measures comes from a recent study in individuals with Down 
syndrome, a genetic syndrome caused by chromosome 21 triplication. People with Down 
syndrome are characterized by particularly poor verbal WM abilities, their mean digit span 
rarely exceeding three items at an adult age (Iacono et al., 2010). Majerus and Barisnikov 
(2018) administered both standard multi-picture receptive vocabulary and single word naming 
tasks and observed a robust correlation between verbal WM abilities and vocabulary 
knowledge when estimated with the PPVT (having an intrinsic WM load) but not when 
estimated with single picture naming tasks (no WM load). That study was conducted only in 
individuals with a neurodevelopmental disorder and hence it is impossible to determine 
whether the observed results are specific to Down syndrome (Mosse & Jarrold, 2011; Næss et 
al., 2015) or whether they reflect a more general situation. 
The aim of the present study was to assess the association between verbal WM and 
both multi-picture receptive vocabulary and single picture productive vocabulary abilities in 
typically developing children. The link between WM abilities and vocabulary development, as 
assessed by a receptive vocabulary task or by novel word learning tasks, has been well 
established in previous studies (Gathercole et al., 1991; Leclercq & Majerus, 2010). The goal 
of this study was to examine whether the link commonly observed between different types of 




reconstruction) and receptive vocabulary measures is due to the fact that these tasks are multi-
determined tasks sharing common general cognitive processes (e.g., attentional control, 
resistance to interference, short-term retention) or whether a link between these WM measures 
and lexical development is still observed when a much less multi-determined task is used for 
assessing lexical development such as a single picture naming task. This methodological 
research question is also of major theoretical importance as it allows us to determine whether 
there is a genuine link between WM capacity and lexical development, as assumed by 
influential models of WM (Baddeley et al., 1998; Gathercole et al., 1992) or whether this link 
is an artefact stemming from the specific task requirements of the receptive vocabulary tasks 
most commonly used to investigate the links between WM and lexical development.  
We furthermore distinguished between verbal WM tasks that maximize either item or 
serial order retention requirements given that previous studies showed that verbal WM tasks 
maximizing the retention of serial order information are particular robust predictors of 
vocabulary development (e.g., Majerus, Poncelet, Greffe, et al., 2006; Majerus, Poncelet, Van 
der Linden, & Weekes, 2008b; Ordonez Magro, Attout, Majerus, & Szmalec, 2018). To 
estimate the retention of phonological item information, we used a single nonword delayed 
repetition task with nonwords being new on each trial (thereby minimizing serial order 
retention requirements and maximizing the activation of phonological codes) and to assess the 
retention of the serial order, we used a serial order reconstruction task of highly familiar 
words sampled from a closed pool (thereby minimizing item retention requirements).  
The tasks had been validated in previous studies regarding the item and serial order 
components they are supposed to measure (Majerus et al., 2006; Leclercq & Majerus, 2010; 
Majerus & Boukezba, 2016; Majerus, Poncelet, Van der Linden, & Weekes, 2008). For 
example, Majerus et al. (2006) showed that performance on the serial order reconstruction 




version of the single nonword delayed repetition task (single item probe recognition task) 
correlates with item errors in an immediate serial recall task. Hence, despite the structural 
differences between the two WM tasks used in the present study, previous studies have shown 
that the two tasks are valid estimates of item and serial order WM capacity. Moreover, we 
should note that the reason for using a closed pool of words in the serial order reconstruction 
and an open set of nonwords in the nonword repetition task was that this manipulation 
allowed to minimize item processing requirements in the former task (items being highly 
familiar and predictable and only their serial order changing) and to maximize phonological 
item processing requirements in the latter task (items being highly unfamiliar and novel on 
each trial, necessitating a detailed encoding of the phonological characteristics of the items). 
We used the EVIP receptive vocabulary scale (Dunn & Theriault-Whalen, 1993) 
which is the French adaptation of the PPVT. For productive vocabulary, we administered a 
single picture naming task part of the ISADYLE standardized language assessment battery 
(Piérart et al., 2010). The productive vocabulary task measured vocabulary knowledge for 
words of similar semantic and grammatical categories as the EVIP receptive vocabulary task. 
The productive vocabulary task measured vocabulary knowledge for words of similar 
semantic and grammatical categories as the EVIP receptive vocabulary task. The productive 
vocabulary task we selected involved naming of lexically frequent and concrete nouns, 
lexically infrequent nouns (rare words) and verbs. Although we did not have specific 
expectations as regards the correlations between the WM and the productive vocabulary task 
as a function of lexical category, we may nevertheless expect a stronger association between 
the WM and the infrequent noun category as opposed to the frequent noun category, the 
words of the latter category being potentially overlearned even in children with lower WM 




Both vocabulary measures involved not only WM load but also inhibition 
mechanisms. On the one hand, the retrieval of a word in a picture naming task could be 
subject to interference stemming from lexical competitors of the target word or from 
previously named pictures. At the same time, inhibitory requirements are likely to be even 
stronger in the receptive vocabulary task where, in addition to interference stemming from 
previous trials, children have to co-activate, for a given trial, the lexico-semantic content of 
the four pictures of the probe display and select only the picture providing the best match with 
the target word while inhibiting the selection of any of the other three pictures. 
The tasks were administered to young children aged 4- to 6-years in which 
associations between performance on verbal WM and lexical measures have been most 
frequently studied and demonstrated.  
METHOD 
Participants 
Valid data were obtained from 92 children aged 4- to 6-years old (53 girls; mean age: 5;7 
years; range: 4;8–6;6). Thirteen additional children had been recruited, but their data could 
not be retained because they did not meet the inclusion criteria (see below) or because data 
were incomplete. The children had been recruited in various kindergarten schools of the 
French-speaking community of Belgium. Parental consent had been obtained for each child. 
A systematic inventory of the children’s development milestones and medical history was 
completed by the parents and ensured that all children spoke French as a first language, were 
monolingual, had no history of neurological disorders or neurodevelopmental delay, presented 
normal auditory and visual acuity and had normal language development and no learning 
difficulties. The children were seen in their respective schools or at home. This study has been 










Item WM was assessed using a single nonword delayed repetition task (Attout et al., 
2014; Leclercq & Majerus, 2010; Majerus, Poncelet, Greffe, et al., 2006; Martinez Perez et 
al., 2012). This task involved the repetition of a nonword after a 3 second delay during which 
rehearsal was blocked via the continuous and concurrent repetition of the syllable bla. 
Additionally, the child also had to repeat the nonword once immediately after its presentation 
in order to ensure that the stimulus had been correctly perceived and could be accurately 
reproduced. The task consisted of 30 monosyllabic nonwords (see Appendix A) and 
respecting French phonotactic rules. The nonwords had been recorded by a female human 
voice. Four practice trials were presented at the beginning of the task. By presenting single 
nonwords with an identical syllabic structure (consonant-vowel-consonant), this task was 
designed to maximize the processing of phonological item information while minimizing the 
contribution of serial order retention abilities. Moreover, the nonwords were new at every trial 
and diphone combinations were of relatively low familiarity relative to the phonological 
structure of French (mean diphone frequency of the consonant–vowel segments: 149; range: 
3–524; mean diphones frequency of the vowel–consonant segments: 129; range: 7–728; 
Tubach & Boë, 1990), maximizing the processing demands of phonological item information. 
In practice, the task was presented as a game to the child: “You are a knight/a princess locked 
up in the tower of a castle. In order to find your way out of the castle, you have to open the 
doors by remembering passwords. More precisely, when you see a closed door, you will hear 
through the headphones a word from a magic language which opens the door and which you 




then, on my order, you repeat the password you just heard.” Each phoneme correctly repeated 
after the delay was scored one point. This task has good internal reliability (Cronbach : =.87; 
Attout et al., 2014) and test-retest reliability (R= .74 - .79; Leclercq & Majerus, 2010; 
Majerus, Poncelet, Greffe, et al., 2006). 
 The retention of serial order WM was assessed using a serial order reconstruction 
task (Attout et al., 2014; Leclercq & Majerus, 2010; Majerus, Poncelet, Greffe, et al., 2006; 
Martinez Perez et al., 2012). This task consisted of the auditory presentation of sequences of 2 
to 7 animal names. After the presentation, the child had to reconstruct the order of 
presentation of the words using picture cards depicting the animals from the memory list and 
by arranging, on the desk, the picture cards from left to right according to the order of 
presentation of the animals. The picture cards were always arranged in alphabetic order when 
given to the child. Four lists for each sequence (24 list trials in total) were presented to each 
child (see Appendix B). The first trials of length 2 were practice trials. All items had been 
recorded by a female voice on computer disk and were presented to the child through 
headphones. Their mean duration was 549 ms (range: 371–696), with an interstimulus interval 
of 650 ms. The seven animal names (/liõ/, /ʃa/, /ʃjɛ/̃, /sɛƷ̃/, /kɔk/, /lu/ /uRs/) had been selected 
for their high lexical frequency (mean lexical frequency: 50,631; range: 16,432–90,926; 
Lambert & Chesnet, 2001) and their low age of acquisition (mean age of acquisition: 20 
months; range: 13–24 months; (Alario & Ferrand, 1999; Ferrand & Alario, 1998). This task 
maximized order information retention requirements since the words used were highly 
familiar, known in advance and available at recall. Moreover, the words were monosyllabic in 
order to minimize the phonological processing demands. This task was also presented as a 
game: “Every year, animals from all over the world gather to have a huge race. This year, 
seven animals are participating: a cat, a dog, a cock, a lion, a wolf, a bear, and a monkey. 




three, four, or five animals. At other times, there are big races with six or seven animals. 
Through the headphones, you will hear someone announce the animal’s order of arrival at 
the finish line, from the first to the last animal. Immediately after, you have to put the pictures 
of the animals on the podium in their order of arrival. The animal arriving first has to be put 
on the highest step and the last one on the lowest step.” We considered the number of items 
that were placed in the correct order of presentation by pooling over all sequence lengths. For 
example, if the child reconstructs the target list “cat-wolf-bear-lion” as “cat-wolf-lion-bear”, a 
score of 2 was given as there are two items placed in correct position is two. We compute the 
total for all lists. This task has good internal reliability (Cronbach : =.65; Attout et al., 2014) 
and test-retest reliability (R= .68 - .82; Leclercq & Majerus, 2010; Majerus, Poncelet, Greffe, 
et al., 2006). 
Vocabulary tasks 
 
For assessing receptive vocabulary knowledge, we used the EVIP vocabulary scale 
(Dunn & Theriault-Whalen, 1993), which is the French adaptation of the PPVT (Dunn & 
Dunn, 1981). In this task, children heard a word spoken by the experimenter, and they had to 
select, among a choice of four pictures, the picture that matches the spoken word. The words 
used in this task were nouns, verbs or adjectives from different semantic categories (e.g. 
clothes, activities, objects, food, body parts or profession), with a large range in lexical 
frequency. According to the standard procedure, test administration was stopped after six 
erroneous responses on eight consecutive trials. As a dependent variable, the raw vocabulary 
score was retained for analysis. This task has a good test-retest reliability (R =.80; Dunn & 
Theriault-Whalen, 1993).  
Productive vocabulary knowledge was assessed using the picture naming subtests of 
the ISADYLE standardized language assessment battery (Piérart et al., 2010). Naming 




various concrete objects (animals, tools, clothes, body parts, man-made objects, food). 
Naming abilities for lexically infrequent nouns were assessed via 25 pictures depicting man-
made objects (e.g., latch). Naming abilities for verbs were assessed via 13 pictures depicting 
various actions (e.g., to cut, to lick). For each task, a score of 2 was given when the correct 
lexical target was produced, a score of 1 was given for an approximating response (e.g., train 
for locomotive), and a score of 0 was given for an incorrect response or a no-response. We 
determined the number of pictures correctly named (by disregarding phonetic deviations due 
to articulatory difficulties) for the entire task (global score), as well as for the frequent word, 
rare word and verb subtasks separately. The frequent word, rare word and verb subtasks show 
a high reliability (Cronbach : .92, .86 and .71, respectively; Piérart et al., 2010).  
Nonverbal intelligence task  
 
We also administered the Raven’s Colored Progressive Matrices (Raven, Court, & 
Raven, 1998) in order to control for overall nonverbal intellectual efficiency when 
investigating the association between WM and vocabulary measures. This task has a high test-
retest reliability (Cronbach : .85-.93; Abdel-Khalek, 2005; Commissaire & Besse, 2019).  
Task order and statistical analysis 
 
The different tasks were administered in pseudo-random order in 2 sessions, lasting each 
about 40 minutes. We avoided presenting two tasks assessing a same cognitive domain (e.g. 
vocabulary or WM) in the same session. We used a Bayesian approach for all statistical 
analyses (see, e.g., Dienes, 2011, 2016; Wagenmakers, 2007; Wagenmakers, Lee, 
Lodewyckx, & Iverson, 2008). Relative to frequentist statistics, the Bayesian approach has the 
advantage of relying on a model comparison rationale and of adopting a model selection 
strategy to quantify the strength of evidence associated with as well as against each model as 
a predictor of vocabulary abilities (Dienes, 2011; Morey & Rouder, 2011; Wagenmakers, 




we used indicative guidelines proposed by Jeffreys (1961) for interpreting Bayes factors (BF) 
: BF < 1 = no evidence, 1 < BF < 3 = anecdotal evidence, 3 < BF < 10 = moderate evidence, 
10 < BF < 30 = strong evidence, 30 < BF < 100 = very strong evidence and BF >100 = 
extreme/decisive evidence for the presence of a given effect. When reporting BFs, BF10 
indicates evidence in favour of a specific variable/model against the null model, and BF01 
indicates the reverse evidence. Bayesian analyses were conducted with Version 0.9.0.1 of the 




Descriptive statistics are shown in Table 1. The distribution of scores for the different tasks 
was assessed by determining skewness and kurtosis parameters (Tabachnick & Fidell, 1996). 
The majority of measures had acceptable skewness and kurtosis values (values within the 
recommended 2 SE range) with a small ceiling effect for the frequent word measure and a 
small floor effect for the rare word measure of the productive vocabulary task. 
 
 
Table 1. Descriptive statistics for all tasks. 





Age 68.63 (3.92)  -.04 -.66 
Raven’s CPM raw score (total, max.=36) 17.96 (4.36) 49.89 -.33 -.04 
Receptive vocabulary (total, max.=170) 70.70 (16.03) 41.59 .18 -.80 




    Frequent words (total, max.=104) 90.21 (8.63) 86.74 -.79 -.94 
    Rare words (total, max.=50) 15.65 (6.85) 31.3 .80 .03 
    Verbs (total, max.=26) 16.34 (4.33) 62.85 -.33 -.62 
Serial order working memory (total, max.=100) 47.52 (14.21) 47.52 .09 -.32 
Item working memory (total, max.=90) 69.53 (11.31) 77.25 -.64 -.59 
1Standard error skewness cutoff = +.50. 2Standard error Kurtosis cutoff = +.99. 
 
 
Link between WM and vocabulary measures 
 
A first set of Bayesian correlation analyses examined the overall relationship between the 
different WM and vocabulary measures (see Table 2 and see Appendix C for the Bayesian 
correlation Matrix of all measures). There was strong evidence in favour of a link between 
serial order WM and both productive and receptive vocabulary measures. At the same time, 
there was moderate evidence in favour of the absence of an association between the item WM 
measure and vocabulary measures (BF01 = 5.56 and BF01 = 7.14, respectively). When we 
considered each productive vocabulary measure separately, we observed a moderate to strong 
association between the order WM measure and frequent and rare word measures but 
inconclusive evidence regarding the verb measure. When predicting the different productive 
vocabulary measures by the item WM measure, there was moderate evidence in favor of the 
absence of an association between the item WM measure and the three receptive vocabulary 
measures (frequent words : BF01 = 5.65; rare words :  BF01 = 7.67; verbs : BF01 = 7.19). 
Obviously, the two vocabulary tasks correlated strongly together (r=.57; BF10 = 4.25E+6). 
Finally, the correlation between the serial order WM task and Raven’s matrices was identical 
to the size of the correlation between the item WM task and Raven’s matrices, indicating that 





Table 2. Bayesian correlation (Pearson r) between the WM tasks and the different vocabulary 
measures and Raven’s CPM.  
 Item WM Order WM 
Receptive vocabulary .09 (BF10 = 0.18) .34 (BF10 = 28.12) 
Productive vocabulary (total) -.03 (BF10 = 0.14) .33 (BF10 = 24.02) 
Productive vocabulary (frequent words) -.08 (BF10 = 0.18) .29 (BF10 = 5.86) 
Productive vocabulary (rare words) -.01 (BF10 = 0.13) .35 (BF10 = 45.45) 
Productive vocabulary (verbs) .04 (BF10 = 0.14) .21 (BF10 = 0.93) 
Raven’s CPM .19 (BF10 = 0.61) .18 (BF10 = 0.53) 
 
Next, Bayesian linear multiple regressions investigated the specificity of the link between 
serial order WM and the vocabulary measures by controlling for item WM abilities, nonverbal 
reasoning abilities and age. When predicting the receptive vocabulary measure, the model 
providing the highest BF was the model including both order WM and nonverbal reasoning 
variables (BF10 = 156.73; R2 = .18) and was 3.20 times more likely than the model with the 
next-highest BF which also included age (BF10 = 49.1; R2 = .18) (see Table 3 for BFinclusion 
values).  
 
Table 3. BFinclusion values for each predictor variable in the linear multiple regression analysis 
on receptive and productive total vocabulary scores.  
Predictors Receptive vocabulary Productive vocabulary 
Age 0.34 0.42 




Item WM 0.30 0.54 
Order WM 14.51 28.05 
 
Similar results were obtained for Bayesian linear multiple regression analysis on the total 
productive vocabulary measure. The model associated with the strongest evidence included 
the order WM measure only (BF10 = 26.89, R2 = .11) and was 2.28 times more likely than the 
model with the next-highest BF value which also included Raven’s matrices measure (BF10 = 
11.79, R2 = .12) (see Table 3 for BFinclusion values).  
Detailed analysis of the association between serial order WM and productive vocabulary 
Next, we examined the link between serial order WM and productive vocabulary by 
considering the frequent noun, rare noun and verb scores separately. For the Bayesian 
multiple regression on the frequent noun score, an analysis including the serial order WM 
score as well as the Raven’s matrices score and age as predictors provided substantial 
evidence for a model including only the serial order WM predictor (BF10 = 7.19, R2 = .08); 
this model was 1.46 times more likely than the model with the next-highest BF including both 
item and order WM measures (BF10 = 4.93, R2 = .10) (see Table 3 for BFinclusion values). 
When predicting the rare word score, the model associated with the highest evidence was a 
model including the serial order WM measure but also Raven’s matrices (BF10 = 90.56, R2 = 
.17). This model was 1.85 times more likely than the model with the next highest BF value 
which included only the serial order WM measure (BF10 = 48.99, R2 = .12). Finally, for verb 
naming, no model was associated with robust evidence in favour of an effect, all BF10 values 
being inferior to 3. BFinclusion in Table 3 values show that models including the serial order 
WM measure led to slightly higher BF values than the other models, but evidence remained at 





Table 4. BFinclusion values for each predictor variable in the linear multiple regression analysis 
on productive vocabulary subscores.  
Predictors Frequent words Rare words Verbs 
Age 0.49 0.30 0.78 
Nonverbal reasoning 0.44 2.24 0.35 
Item WM 0.84 0.48 0.32 
Order WM 9.68 30.41 1.68 
 
DISCUSSION 
This study examined the robustness of the association between verbal WM and 
vocabulary knowledge in 4-to-6-year old typically developing children by assessing 
vocabulary knowledge for both multi-item receptive vocabulary tasks and single picture 
productive vocabulary tasks and by distinguishing between item and serial order verbal WM 
abilities. Bayesian regression analyses showed that serial order WM measure was a robust 
predictor of both receptive and productive vocabulary abilities. Furthermore, in line with 
previous studies, there was no strong evidence for a role of item WM abilities in both types of 
vocabulary measures.  
First of all, our data replicate the finding of previous studies that have shown a link 
between verbal WM abilities and receptive vocabulary knowledge (Avons et al., 1998; 
Gathercole et al., 1994, 1992; Service, 1992). Our data also replicate the finding of a more 
robust link between vocabulary knowledge and serial order WM abilities as compared to item 
WM abilities (Leclercq & Majerus, 2010; Majerus, Poncelet, Greffe, et al., 2006). Moreover, 
it is unlikely that the lack of matching of WM load between the two WM tasks can explain the 
observed pattern of results. If the link between the WM and vocabulary tasks was only due to 




also the receptive vocabulary tasks) then a link should only have been observed between the 
serial order WM and the receptive vocabulary task but not between the serial order WM and 
the productive vocabulary task. This was not the case, order WM being associated with both 
vocabulary tasks. 
It is also important to note that the two WM tasks involved inhibitory demands as 
information from previous trials can create proactive interference and needs to be inhibited. 
Furthermore, in the item WM task, the articulatory suppression task presented during the 
retention delay will create interference with the target nonword (Oberauer & Lewandowsky, 
2008). In the serial order WM task, the children need to select the different response cards in 
sequential order which involves, at one point of time, selecting one card for response output 
and inhibiting all other cards (e.g., Burgess & Hitch, 1999). Therefore, if inhibitory processes 
are to explain the relationship between performance on serial order WM and vocabulary tasks, 
then we should have observed robust correlations between the vocabulary tasks and both WM 
measures, with the strongest link with the receptive vocabulary task as the multiple-choice 
inhibitory requirements for this vocabulary task are larger than for the single picture 
productive vocabulary measure. This is not what we observed, as only the serial order WM 
task showed a robust association with both the productive and receptive vocabulary tasks.  
Moreover, it could be argued that the link between order WM and vocabulary 
observed in this study may stem from differences in the quality of phonological codes, given 
that the item WM task involved articulatory suppression that may have interfered with the 
memoranda as mentioned in the previous paragraph. However, interference is also present in 
the serial order WM task the multiple memoranda for a given trial will generate between-item 
interference, both within and between lists. Moreover, the serial order WM task did not 
involve a stronger manipulation component than in item WM task since in order WM task the 




items had to be retrieved. The card cues did not have to be manipulated but they just had to be 
output in the same order as in the memory list. Finally, we should also note that similar 
differences in associations between item WM, serial order WM and vocabulary measures as 
reported in this study have been observed in previous studies deriving item and serial order 
components from within the same task rather than using two structurally distinct tasks 
(Majerus et al., 2009). Altogether, our findings are consistent with the theoretical assumption 
that language learning involves the learning of sequential information and dependencies, and 
that short-term retention abilities for sequential information are a critical determinant of these 
sequential learning processes for learning verbal sequences (Gupta & MacWhinney, 1997; 
Majerus, Poncelet, Elsen, et al., 2006; Ordonez Magro et al., 2018).  
Critically, the present study extends these results to vocabulary knowledge as assessed 
by productive vocabulary performance. This is a novel and important finding as it shows that 
the link identified between verbal WM and vocabulary knowledge is not just the result of the 
specific characteristics of the PPVT receptive vocabulary measure that has been most 
frequently used in previous studies. This task has indeed an intrinsic WM load as it requires 
the short-term maintenance of an auditory target word while activating and comparing the 
lexico-semantic content of four different, simultaneously presented pictures. These 
characteristics could have biased and inflated the correlation observed between verbal WM 
abilities and this specific measure of vocabulary knowledge. The present study shows that this 
concern is not warranted as the correlations between verbal WM abilities and vocabulary 
knowledge were at least as strong when measured with single picture, productive vocabulary 
tasks characterized by no or an extremely small intrinsic WM load. Moreover, the potentially 
different levels of task difficulty for the vocabulary measures did not seem to play a major 




for the receptive vocabulary task (which may be considered to be easier as it involves a 
recognition response) as for the productive vocabulary task.   
It is also interesting to note that this association was particularly true for the rare noun 
productive vocabulary subtasks, followed by the frequent noun subtask; for the verb 
productive vocabulary subtask, there was no reliable evidence for an association with verbal 
WM abilities. The stronger association between rare vs. frequent noun productive vocabulary 
and serial order WM abilities supports the hypothesis that serial order WM is involved in 
lexical learning. The role of serial order WM will be more prominent for rare words as these 
words are, by definition, encountered only a few times: children showing higher serial order 
WM abilities will be more likely to correctly repeat and encode the phoneme sequences that 
define the word right after its first presentation while children with low serial order WM 
abilities are more likely not to be able to immediately repeat the novel word. For frequent 
words, these interindividual differences in verbal WM abilities will have a less marked effect 
as these words, by definition, are encountered more frequently and hence there are more 
opportunities to learn them; even when serial order WM abilities are reduced, the word forms 
for frequent words will eventually be learnt after a high number of repetitions. This 
assumption is in line with novel word learning experiments in patients with impaired verbal 
WM abilities: although these patients show impaired novel word learning abilities, they will 
nevertheless show progress on novel word learning tasks even if this progress will be much 
slower than in non-impaired individuals (e.g., Freedman & Martin, 2001; Majerus, Norris, & 
Patterson, 2007). Interestingly, productive vocabulary knowledge for action words (verbs) 
showed no reliable association with serial order (or item) WM abilities. Although we can only 
speculate about this finding, it has been proposed that action words are not learnt as isolated 
phonological sequences referring to a specific object or concept, but are an integral part of the 




developmental level, even if both, concrete object names and concrete action verbs are 
acquired at the same time, verb grammaticalization seems to develop later than noun 
grammaticalization, supporting this developmental distinction between both word categories 
(Bassano, 2000). Furthermore, in many languages, and particularly French, the phonological 
sequence defining a specific verb is highly variable as its specific phonological form will 
result from the application of phonological rules associated with time-based and person-based 
inflections. Hence, learning of lexical phoneme sequences for verbs (and in some extent for 
action-noun, see Vinson & Vigliocco, 2002) may rely to a stronger extent on direct and fast 
integration with specific semantic and syntactic contexts than nouns. Objects are also 
characterized by a larger lexicon than verbs (in French for example, there are about 19000 
nouns for 4000 verbs; source: www.lexique.org, Brulex database) and the existence of 
multiple labels for a same object, challenging the learning process at the lexical phonological 
form level as distinct phonological sequences need to be learnt for a similar or sometimes 
even identical semantic context.  
To conclude, this study shows that the link between verbal WM and vocabulary 
knowledge is robust and is not limited by a higher WM load that characterizes some of the 
vocabulary measures frequently used in this field of study. The results of this study support 
theoretical accounts suggesting a link between serial order WM abilities and lexical learning 
and therefore should be valid for other languages than French. Our results also indicate that 
this link may be valid only for specific linguistic categories such as nouns which are 
characterized by a particularly large lexicon size and stable phonological forms (only the 
grammatical gender and number can slightly modify the lexical form of the word while for 
verbs, the forms can change dramatically as a function of person, number, time, mode). 
However, the noun-verb dissociation observed in this study raises new questions and needs to 




to some languages in which the form of verbs varies substantially as is the case in French: for 
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Appendix B. Lists of words used to assess the order WM abilities. 
Lenght 2 (trials)             
list 1 Loup singe 
     
list 2 chien lion 
     
Lenght 3 
       
list 1 singe chien chat 
    
list 2 lion ours loup 
    
list 3 loup chien singe 
    
list 4 chat ours coq 
    
Lenght 4 
       
list 1 coq chat loup chien 
   
list 2 ours lion chien singe 
   
list 3 lion chien singe ours 
   
list 4 singe coq loup chat 
   
Lenght 5 
       
list 1 ours coq singe loup chat 
  
list 2 chat lion coq ours singe 
  
list 3 coq singe lion chien ours 
  
list 4 chien lion ours coq loup 
  
Lenght 6 
       
list 1 chien coq ours lion loup chat 
 
list 2 singe loup chat coq ours lion 
 
list 3 coq chat lion singe chien loup 
 
list 4 chien ours singe loup lion coq 
 
Lenght 7 
       
list 1 coq singe lion loup chat ours chien 
list 2 chat coq chien ours singe loup lion 
list 3 singe ours loup lion coq chien chat 
list 4 loup chien chat lion singe coq ours 
Translation 




Appendix C. Bayesian correlation matrix for all measures. 
 
 Age Raven CPM Serial order 
WM 





Frequent words Rare words Verbs 
Age /         
Raven CPM .19 
(BF10=.66) 







/       














































/   
Rare Words .01 
(BF10=.13) 
.27 
(BF10=3.27) 
.35 
(BF10=45.45) 
-.01 
(BF10=.13) 
.50 
(BF10=49790.45) 
.85 
(BF10=2.07E+23) 
.60 
(BF10=3.98E+7) 
/  
Verbs .15 
(BF10=.37) 
-.01 
(BF10=.13) 
.21 
(BF10=.93) 
.04 
(BF10=.14) 
.47 
(BF10=8351.12) 
.85 
(BF10=9.69E+33) 
.72 
(BF10=1.23E+13) 
.62 
(BF10=3.51E+8) 
/ 
 
